NPS ARCHIVE 
1961 

MCGARRAH, W. 






A STUDY OF THE EFFECT OF FLUID CONTENTS 
AND INSUIJvTION ON THE VIBRATORY 
BEHAVIOR OF PIPE 

'j.. -i; 

WIIXIAM E« McOMRAH 



V 




LIBRARr 

US. NAVAL POSTGRADUATE SCHOOL 
MONTEREY, CALIFORNIA 



5 




A STUDY OF THE EFFECT OF FLUID 
COIITEL^TS AND INSULATION ON THE 
VIBRATORY EEILA.VIOR OF PIPE 



* * a- <.<• * a it a * <!• 



V/illia-m E. Me Gar rah 



A STUDY CF THE EFFECT OF FLUID 
CONTENTS AND IK3ULi\TI0N ON THE 
VIBRATORY BEHAVIOR OF PIPE 



UilliaiTi E. NcGarrah 
// 

Lieutenant Cor.nander, United States Navy 



Submitted in partial fulfillment of 
the reoiiirements for the de£’ree of 
ILISTER OF SCIENCE 
IN 

i:echa::i cal engin Bering 



United St'^tes Naval Postrradua.te School 



Konterey, California 

1961 



0 P ^ A roWt 



L . c.. iNnvni I'nrfrrmruinfc ScIiortT injULiLT ANUa JJtJHAIO 

•' ‘ ' ‘ VAVAL POSTGRADUATE SCHOCU 

MONTEREY CA 93943-5101 



A STUDY C? THE EFFECT CF FLUID 

ccETEHTs a:;d iksul^tich ch the 

VIBRATORY BEHAVIOR OF PIPE 

by 

'Villiam E. YcGarrah 



This v.’ork Is accepted as fulfilling’ 
the thesis recuire;r.ents for the degree of 
MASTER OF SCI EEC E 

IF 



HECHAIII CAL EITGIYEERIYG 



from the 



United Stctes Naval Postgraduate School 



w 













ABSTPulCT 



The development of hiph sneed computing devices 
and the perfection of mrtri:: methods has rn'’.de it possible 
to nerform quantitative analysis of the vibration 
characteristics of complex piping systems. Such analyses 
reouire the use of accurate input data, such as dis- 
tributed mass and flexiiral riridity. 

In this study experiment was compared with theory 
in .a free-free beam configuration in order to assess 
the confidence that can be c.ttached to values of 
flexural rigidity and m?<,ss distribution calcul-ited 
from tabulated and actual dimensional and v;eight data. 

In addition, data v/as obtained to assess the damping 
charac terl sties . 
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1 . Introduction 



The practical difficulties of calculating natural 
vibration freouencies of complicated oiping systems have 
heretofore been so overwhelrainf that the attempt v/as 
seldom made in practice. Instead, the general theory 
of vibrations applied in a qualitative way as 

a ruide to design in order to minimize the probability of 
occurrence of unacceptable vibrations. Hov/ever, wit’: the 
development of high speed computing devices and the per- 
fection of mc.trlx-analy tlcal generalizations of Kolzer- 
Prohl-Kykelstadt procedures by E.C. Pestel ^ 3 ] and his 
associates, it has now become possible actually to perform 
quantitative canalysis of the vibration characteristics of 
comnlex oiping s.y stems. Since the theory and the automatic 
computation nrocedures are both capable of a high order 
of accuracy, it is reasonable to evaluate the input data, 
such as distribxited mass and flexural rigidity, to a 
comparable de'^ree of accuracy. 

This study v;as intended orlLiarily to compa.re theory 
with experiment in a simple geometrical configuration 
easily amenable to analytic treatment in order to assess 
the confidence that coxald be attached to values of flexural 
rigidity and mass distribution calcula.ted from tabulated 
and actual dimensional and v;eight data. At the same timie, 

^Number in brackets refers to reference in the 
Bibliography v/hich appears on page 15. 
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It '..'as decide'-!' to obtain data that could be used to assess 
damping characteristics. Specifically, the Investigation 
v.'as limited to a study of the effect of one sample of 
insulation and using v/ater as the fluid contents. 

Briefly, it is concluded on the basis of the studies 
re-'-'orted herein that natural frequency can be predicted 
quite accuratcl2/- by -ancilytical means, .and that Inherent 
dai'ioing i'n a piping s.ystem, even including the effects of 
insulation and fluid contents, is so slight that it cannot 
be considered as a reliable and substantial energy/- sink. 
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2. Ercperimental Method 

There ?vre tv;o bro^.d techniques available to study 
the vibratory ^nd dainpinr behavior of materials and 
structiires, the steady state method s,nd the transient 
method. General laboratory use of either of these methods 
hr s the same essential eoulpment requirements, viz., 

a. Vibration generator capable of producing 
vibrations over a useful frequency spectrum. 

b. Accurate means of determining frequency of 
vibration. 

c. Equipment for display of steady state vi- 
brations and time decay of vibrations. 

The steady state method offers the principal advantage 
of simplicity in computing damping effectiveness. In this 
m.ethod a condition of forced vibrations at a resonant 
freouency is established and the amplitude of vibration is 
determined. Then the freauencies on either side of resonance 
at v/hich the amplitude is one-half the resonance am.plitude 
are determined. The ratio of the resonance band width 
(difference betv;een half-amplitude frequencies) to the 
resonant freauenc2/ serves as a measure of damping effec- 
tiveness and can be related, approximately, to the log- 
arithmic decrement for smiall damping [4-^ . This method 
offers distinct advantn.ges v;here measurements of damping 
effectiveness ere to be made over a v/ide range of fre- 
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ouenciep . 



In the transient method, vibrations are induced 
in the soecirren and then vibration excitation is suddenly 
stopped allov/inf the vibrations to decay. The time decay 
of vibrations is recorded and from tliese records the 
lor^^rithmic decrement, which serves as a measure of damping 
effectiveness, can be determined. 

It would anpear at first glance that the transient 
method offers no advantage over the steady state method. 
Hov.'ever, such is not the case. If a v/eight is hung on a 
beam., energy in the form of strain energy is stored in the 
beam. If the weight is siiddenly released, the beam v/ill 
vibrate freely with some tim.e decay until all the strain 
energy that was present is dissipated. At the instant 
vibration starts, many modes are present. The vlbr.ation 
amnlitude of the fundamental mode is by far the largest 
and for all practical purnoses the fundam.ental is the 
only freouency remaining after a period of about one 
second. This effect can be seen in the time decay graphs 
in Anpendix IV. Due to its predominance, it v/as considered 
that the fundamental is of the greatest practical importance 
in most cases. This led to the decision to limit the 
study to the fundamental. Having narrowed the scope of 
the investigation, an advantage of the transient method 
w'as established. The advantage here lies in the fact that 
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utillzaticn o. the trs.nslent r tuod le'-’ds to a simple 

of excitinp vibrations ‘ind also to simple instru- 
irentation. Accordinrly, the tr'ansient method v;as selected 
as the method to be used. 

In this study a 100 lb v/eifht v/as hunr; at the center 
of the beam sran on a short piece of small mild steel wire. 
The total strain energy thus stored in the beam was on the 
order of 1 in-lb (see Appendix II). The weight was suddenly 
released by raeltinr the small wire with a propane torch, 
thereby setting up free vibrations. 

The fundamental freouencies of vibration anticipated 
in this test v/ere in the 10-30 cps ra.nge. This made it 
possible to use some rather simple instrumentation. In 
addition to a variety of commerciall;/- available vibration 
pickups, ordinary resistance type strain gages can be used 
to sense vibrations through the cyclic variation of strains 
in the m?terial to which the gages are attached. This 
sensing signal must be amplified and recorded with some sort 
of dynamic strain measuring and recording equipment. Strain 
gages were selected as the means of sensing the vibrations. 

A Brush Strain Analyzer (Model EL-310) with its companion 
oscillograph was selected to amplify and record the vibra- 
tions since the freouency range cf this eouipment spans 
the required freouency range. 

It was considered desirable thc^t the investigation be 
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conducted on pipe of gufficient size to rci tdc results 
reaso’-is’cly raeanlnrful cn an industrial basis. Accordingly, 
c four inch (nominal) dia.mcter standard pipe was chosen. 
Anyf'ini larpcr v/a^ consilercd tnol'^rg'e to handle v/ith the 
sp-'’.ce '■•a-'’ facilities av"ila,Me. 

It v/a s essentia.1 that t':e experimental pr.ratus have 
a .'•eometry that v/o\ild mahe it amena.ble to a reasonably 
a.ccur-te ana.thematical ana.lysis. Any bearr.-like configuration 
was considered satisfactory. A free- free beam configuration 
was selected because of the practical manner in which the 
pipe could be supported a.t the nodal points with standard 
pipe hanpers. The basic exnerimental apparatus is somov/hat 
similar in principle to that used by other investipators 

A full description of the apparatus can be found in 
Anpendix III. 

For purposes of mathematical ana.lysis it './as necessary 
to make an assumption esta.bllshlnp end conditions. Approx- 
imately t’.'/o-third of the length of the standard (ASA El 6.9) 
pipe caps used to seal the ends of the pipe had the same 
cross section as the pipe. This length v/as added to the 
length of the pipe and the effective length thus obtained 
v/as used in calculations. The weight of the remainder of 
each cap plus the v/eld material used in fastening the cap 
to the pipe v/as assumed to be a sm^all concentrated weight 
at each end of the beam. Solution of the differential 
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eoU"'-tion us inf this nssuffi::tion can be found in Appendix I. 

After having obtained a solution to the differential 
equation, it v;as necessary to evaluate the flexural 
rifidity to be used in mahinf the desired frequency pre- 
dictions. The contained fluid might be expected to con- 
tribute something to the rigidity since it has finite 
viscosity and cohesion. The effect of such contribution 
v/as considered to be so slight that it was ignored entirely 
in computations. The relatively small modulus of elasticity 
of the insulation led to the belief that there v^ould be 
little contribution to rigidit;,' from this source. Calcu- 
lation of the equivalent flexural rigidity of tVie pine- 
insulation combination (see Appendix II) confirmed this 
belief. The equivalent flexural rigidity was found to 
differ from the flexural rigidity of the pipe alone by 
about .5^. The small difference in the calculated flexural 
rigidities im.plied that reasonably accurate frequency 
predictions could be obtained by neglecting the stiffness 
contribution of the insulation as v/ell as that of the 
water. However, for purposes of comparison, it v/as de- 
cided to include frequencies calculated using both the 
equivalent flexural rigidity and the flexural rigidity of 
the pipe alone. 

The logarithmic decrement, S » of the fundamental vib- 
rsticn v;as chosen as the means of nresenting the damping 
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effectiveness results. By definition 




The decrement is easily determined from oscillof'raph 
records of vibration decay. It offers the advantage of 
being a dimensionless figure which can be applied to any 
system ^nd it can be readily related to other measures of 
dam’^inr effectiveness Details of determining decre- 

ments from the experimental record can be found in 
Appendix IV. 

The following test conditions v/ere used during this 
investigation: 

Test Condition Description 



A 



Bare pipe suspended at calculated 



nodal Dcints without insulation 



and v/ithout fluid contents 



B 



Bare pipe suspended at calculated 



nodal points without insulation 



but filled v/ith water 



C 



Pipe suspended at calculated nodal 



points v/ith insulation applied but 



v7ithout fluid contents 



D 



Pipe suspended at calculated nodal 



points with insul'’tion applied and 



filled v/ith v/ater 
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3 . 



Hjcperiment'^,! Results 

The results of tMs investif'P.ti on are presented in 
Table I. In addition to the observed exoerimental results, 
the nredicted fundamental freauencies are presented for 
comparison ourposes. 

It is evident from Table I that the observed fundamental 
frequencies are in food agreement with those predicted by 
ordinary beam vibration theory. The maximum difference 
betv;een the observed frequencies and the calculated fre- 
quencies based on nominal dimensions is 2.5^. In the case 
of calculated frequencies based on actual dimiensions the 
m.aximum difference is less than \%, The accura.cy of the 
observed frequencies is i..25cps as read from the oscil- 
lograph charts. If we assume that the maximum error exists, 
the differences above are 3.6^ and 2 %, respectively, which 
still shows food afreemsent v;ith theory. The larger differ- 
ence found in comparing observed frequencies and the cal- 
culated frequencies based on nominal dimensions can be 
traced to the fact that the tabulated v;elfht data for the 
insulation is considerably lower (about 20 %) than the 
actual v/elfht. This discrepancy can be attributed, at 
least in part, to the presence of moisture in the nev; 
insulation. Upon heating in service, the discrepancy 
can be expected to diminish somev/ha,t as the moisture 
evaporates and the insulation "cures". 
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TAELS I 



SXPSRIMESTAL RESULTS 



Test 

Condition 


Predicted 

Frequency 

cps 

nominal actual $ 


Observed 

Frequency 

cps 


Logarithmic 

Decrement 

5 


Static 
Strain 
yU in/i; 


A- Pipe 
Alone 


25.05 25.07 


C\J 

• 

OJ 


.0043 


27.5 



E- Pine 


20.67 


20.72 


20.8 


.0048 


26.5 


Filled 
v;i th 
V/ater 













C- S'r.nty 


21 .36 




20.75 




20.9 


.0068 


26.5 


Insulated 


21 .41 




20.80 










Pipe 
















D- Insulated 


18.43 




18.10 


a 


18.2 


.0062 


25.5 


Pipe 


18.49 




18.13 











Filled 
v/i th 
Water 



# Based on tabulated nominal dimensions 
$ Based on actual dimensions 

* Employed flexural ripidity of pipe only 
@ Emiployed equivalent flexural rigidity of 

plpe-lns\ilation combination 
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In the test cf the pine alone, the measureir.ents of 



vihr-^tion decsy were essentially a measurement of the 
damping capacity or solid friction of the pipe (mild steel). 
The va,lue of the lorarithmic decrement found =.00A3) 
is reasonablj'' consistent with values recorded in the lit- 



otjects of this investigation was to determine the effect 
of the addition of fluid contents and insulation, the effect 
of ncssible inaccuracy in the true value of damping effec- 
tiveness was not considered im.portant and the value found 
was considered to be a valid reference for com.parstive 
purposes . 

The logarithmic decrements found in Test Conditions 
B, C, and D indicate ths t vjater. Insulation, and the water- 
insulation combination make contributions in some degree 
to the di.mping effectiveness. It should be pointed out that 
the wfate r-insulatlon combination contributed less damrjlng 
than the insulation alone. Also, in the sample oscillo- 
srraph record in Appendix IV (Flgiire 9) somie superimposed 
oscillations can be observed in Test Condition E. An ex- 
planation of these effects might be found in a more com.plete 
energy analysis of the apparatus, but this was considered 
to be beyond the scope of this investigation. 

Errors in the measured values of damping effective- 
ness can be attributed to energy losses outside the specimen 



erature for flexural vibrations 




one of the 



'■.nd errors in determinin, t’r c lor'arithnic decreir;ent. 
Leases outside the specimen were not considered to be irn- 
nortant as long- as they were held to a consistent minimum 
because of the comparative nature of the tests. Vibration 
am-olitudes from, the oscillograph record vere measured to 
±.02". V/ith reasonable care in determining logarithmic 
decrements it is estimated that the values of individual 
decrements were accurate to \;,1 thin 5^. The significance 
of t' in degree of accuracy is diminished when v/e consider 
that t’" e spread in logarithmic decrements v/as greater than 
3fc. However, this does not in any way weaken the conclu- 
sion that the a,ddition of v/ater^ and insulation result in 
little practical contribution to damping effectiveness. 

By the use of elementary strength of materials we 
are able to oredict (see Appendix II) that the static 
strain to be expected at the gage locations with a 100 lb 
load suspended at the center is 27 yuin/ln. The static 
strains found ex-oerl.mentally (which are accurate to within 
In/in) agree essentially v;lth the value predicted. 



2 

Lateral accelera.tions did not exceed g. Contained 
fluid might provide damping in cases where lateral accel- 
eration is greater than g. 
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1 i?«!NM 



a. 



I 




A. Conclusions 

From the results of this investigation the follov/ing; 
conclusions can be dravm. 

Theoretical prediction of the natural frequency 
of vibration of a piping system involves a knov;ledge of 
its geometry, the nature of the constraints, and the 
evaluation of some combination of unit mass and flexural 
rigidity. This study avoided the complications vfhich 
might be associated with a complex geometry and a com- 
plicated system of constraints. Attention was focused on 
the v//EIg parameter v^hlch is important in theory. From 
this study v/e can conclude tha,t the parameter can be 
evaluated successfully by actual measurement of the weight 
and dimensions, and that the fundamental frequency of vi- 
bration can be predicted quite accurately. In addition, 
'While the contribution of the Insulation to flexural 
rigidity can be calculated, if desired, it appears from 
this study that any contributions from fluid contents or 
insulation are negligible. It is possibly fortuitous in 
the case of the oipe used in this investigation that 
tabulated dimensions and weights gave values very close 
to those actually measured. Agreement in the case of the 
insulation is not as good but still reasonable. It is 
not possible to assert on the basis of anything done in 
this study that s'uch agreement v;lll always be found. Hov/- 
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pVT:r, it a'o'oears reasonable to su^' est thot, in the abscr.ce 
of rnore reli'^ble date, food predictions can be ina.de on 
the basis of nominal diTensions I'n'l ./ei^^hts unless there 
ia reason to believe tViat the actual pipe and insulation 
in question differ anpreciably from nominal. 

r.'oreover, v;e can conclude that i/hile both fluid 
contents and insulation coverinr m.a.he a., contribution to 
vibration dampinf, it is by no means a substantial one. 

From a practical standpoint v/e must still rely on other 
•i~encies, such as vibration absorbers or the characteris- 
tics of the hanrer installation, to supply most of the 
energy absorption. 
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AFPiJDI.v I 



oOLUTIOi. CF DIFFERiFTIAL FQUhTIOF 
The dlf ferenti-xl ecuation for a Interally vibr'-ting 



be' ■ of const' 


■^nt cross section is [|>1] • 




d\ 

at" 


a 0 


eqn [l] 


v.'hore 


2 






4 Cl) W 

a = ^si 


eqn jl ^ 



f 




7^ 



Assuirlnr ' solution of the form 

U- Cos u)t(^C, coslx co^ ^ Cy CoS a>c -k C3 smW (X-yi Ctj. 
d '' 

v/e obtain 

tCjW,lMML +C^sUc^)3 -a}u 
l^= (X (l^ujt (C jCamI^ (^ 4- + C^d^ivOi/^ 0 l)L^ 

sx 

1 ^ = 0 . (ios tot (C^slA4vC^. + C 2 (Lo 4 vO^ y_ eon [2d] 



eon 


61 


eqn 


[2a] 


eqn 


(2g 


eqn 


[2c] 


eqn 


[2d] 



* i_ 

(S* 






v/here 



and 
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For •- free-free beam v.ith a concentrated v.eight, P, at 
each end the boundary conditions a.re: 



at % = O 



V=o 

^-o 



eon 



§a] 



at 



X- b 



eon 



M=o 

Applyinr the first set of boundary conditions eqn paf, v;e 



find that 



C 3 - C — o 



eon 






Applyinr the second set of bounda.ry conditions eqn [ji *.e 
find that 

desk (xb 



and 



Qz - ^\ -cSToF' 

E X 0 ? 0l\) -h C'i. G-b3 OSt- “ 



\C\ <b<xik. (X,b + C^. Oobl 

If v;e use eouations Oai and C4b] and rearrange terms, 
equation becomes 

“t(Vv4t (A V IL = - K bL eon [b] 

where 

1 / 2 . P 

I'N ” w b 



eon 



[ 5 i 



eon ba 



and 



u. 



= ab 



eon 



.n [6b] 
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There Te "’r infinite number of solutions to equation [sj 
anc! t’lis implies an infinite number of natural frequencies 
an'’ moies. liov.’evsr, since v;e are concerned in this inves- 
tif^tion ».'ith the first mode onl^/’, v/e shall seelc only the 
numerical solution for the lowest value of circular fre- 
quency. From this numerical solution the fundamental 
frecuency of vibration for the various test conditions 
can be obtained. 

If v/e substitute the values of the arbitrary constants, 
CijCpjCjj, and C4 into equation v;e obtain 









eon 






At the nodC-1 points j-0 and equation [ 7 ] be comes 



U. __ 






eqn^S^ 



After obtaininr a value for u from the numerical 
solution of eouation [6^, it is possible to solve for x 
in equation [s"] to determine the nodal points for the 
various test conditions. 
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ArPZl'DI.. II 



I-: 1 3 C LLLA. : 20U S CAL C JLATI 0 a S 
3truct,ur"'-l Geo^'etrl cal D ata 

TLc data listed In Table II v/ere used in all cal- 
culations in this section. 

Fredi cted Frequencies 

L'lth the aid of five place function tables and a desk 
calculator, accurate solutions for u in equation of 

Appendix I v.'ere obtained. Only those values of u corres- 
pondlnr to the lov/est circular frequency in each test 
condition were determined. Usln^ equations Q6b] and [,a] 
and the pertinent data, listed in Table II the circular 
frecxiencies v.-ere calculated directly. The frequency in 
cycles ner second v/as then calculated using; the relation 

60 = zir-f 

Zquations j6^, and Qal are repeated below. 



eon 

(A. ^ ^ eqn [6b^ 

^ 

eqnjja] 

These calculations v/ere carried out with two groups of data? 
first, using the dimensions of the actual pipe used in the 
Investigation, and, second, using the nominal dimensions 
tabulated in piping ca.talogs. In addition, tv/o sets of cal- 
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I -a. 




TAELL II 



STRUCTURAL AKD CLOLLIRICAL DATa 



PI? 




ACTUAL 


NCKINAL 


OD, 


in 


4.520 




. 500 


.. 


IE, 


in 


4.038 


c 


4.026 




t, 


in 


.241 


V 


.237 




w, 


Ib/ft 
lb/ in 


11.1 

.924 


& 


10.79 

.899 




I, 


• 4 

in^ 


7.42 




7.23 




^9 


psi 


30 X 


10^ 


30 X 1 C 




V/ATE 


R 










w, 


Ib/ft 

Ib/in 


5.56 

1 . 463 


4'r 

4 f 


5.51 

.459 




INSULATION 










CD, 


in 


9.50 


i 


9.50 ■ 




ID, 


in 


4.50 




4.50 




t. 


in 


2.50 


f!!; 

‘it 


2 . 50 




w. 


Ib/ft 
lb/ in 


5.50 

.458 




4.4 

.367 


u 


I, 


In^ 


381 




381 




s. 


psi 


2550 




3300 





Nominal values are those tatulated in catalogs 
for schedule 40 pipe and Therrnobestos Insulation. 
$ Determined by actual measurement. 

* See calculations later in this section. 

Determined by compression test of sample of in- 
sulation used. 

Cv Approximate v/eight furnished by manufacturer. 
Value inferred from rtanufacturer ' s data of com- 
pressive load to cause specified shortening. 

P = 2 lb b = 8.5 ft = 102 in g = 385 in/sec2 
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I 




cul'itions v/er^-- cari’ied out for each group of diT.e 'isicns 
in Test Conditions C •..nd D for the ourpose of comparison. 

In the first, the simplification that both the water and 
the insulation added mass but not rigidity was employed 
and the flexural rigidity used was that of the pipe alone. 
In the second set, the contribution of the insulation to 
rigidity was considered and an eouivalent flexural rigidity 
of the pipe-insul-^ tion combination v/as used. The results 
of t’-’ese calculations are tabulated in Table III. 
hCDAL PCIKT3 

Having calculated u a.nd a I'or the various test con- 
ditions, the location of the points at which to susoend the 
pine was determined by solving for x in equation [8] Of 
Appendix I using five place function tables and a desk 
calculator. Souation [s]] is reneated belov/. 



These calculations were carried out using both the actual 
and nominal dimensions. The nodal noints calculated, with 
actu'’,! dimensions v/ere used in this investigation. Kovrever, 
there is little practical difference betw'een those calcu- 
lated for actual dimensions •'■nd those calculated for 
nominnl di’i'ensions . The results are listed in the l^'st 
column of Table III. 



bb 



U. _ 0 ^ 

bb 0 ^ 
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TABLi^ III 



su:-3-:ary cf frlqufkcy calcuiyitions 



Test 

Condi tion 


K 


u 


3, 

in""' 


OJ 

rad/ sec 


f 

cps 


d * 
in 




ACTUAL DU- 


'EM 3 1 ON 3 








A 


.04240 


2.3182 


.02273 


157.5 


25.07 


57.45 


E 


.02825 


2.3332 


.02287 


130.2 


20.72 


57.05 


C 


.02835 


2.3330 


.02287 


1 30 . 4 # 
130. 7 t 


20 . 75 # 

20 . 80 !|' 


57.05 


D 


.02124 


2.3408 


.02295 


1 13 . 7 ?^' 
Il 3 . 9 fr 


0 : 

• • 

coco . 


55.85 


NOMINAL DIMENSIONS 


A 


.04361 


2.3169 


.02271 


157.4 


25.05 


57.45 


B 


.02887 


2.3324 


.02287 


129.9 


20.57 


57.05 


C 


.03098 


2.3302 


.02284 


134.2# 

134 . 5 . 1 , 


2 1 . 36 # 
21 . 4 lC 


57.15 


D 


.02273 


2.3391 


.02293 


115.9# 

116.2^ 


1 8 . 43# 
18 . 49$ 


55.85 



■5-‘ Distance from center of spa,n to nod'^.l point. 
jr Using flexural rigidity of pipe only. 

$ Using equivalent flexural grigidity of pipe-insulation 
combination. 
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L ^ 'k-’ i, - a 



c? 



For hollo'..' circ'il^r cross section 

I " S [0- - D.'l 

In the case of the .act’aal pipe used in the investiga.- 

I=^(h5-Z0^- 4.03?^) = 7¥Z :r,^ 

In thc: case of the insulation used in the investiga- 



tion 






HEIGHT CF Fm UhlT LhhG TH 

In the case of no^rii r.al pine the v.'cight of v;ater per 
unit lenf-th is tabulated along with other nominal data. 
For the ''cti.ial nipe used in the tests, this value must 
be calculated. 

The cross-sectional flov; area, of the a.ctual pipe is 

Areo.^'^'Dc = IZ.^Zln^ 

The weight of water per inch of length is found as 



follov.'s 

\/)/ = (/ 2. in^){l m ) 

and 



HZ 9 ~ 






(l Z - S'. S'4 /4/-ft 

EQUIVALEhT FLEXURilL RIGIDITY 



The eouiva,lent flexural rigidity for the plpe-iiis'alr.tion 



co"'biri''.tion earn be calculated as follows. 



For nomina.1 







Xii 




2 - 



di." ■■ ■' 3 ions : 

(EI), = (3o)(lEj(7.ZS) ^oO)(/O^J /i ,n 

(El), = ^3co)(3^/) ^ (j^ZS7)(/0^) U 

= (z^7,/S7)(/0^j 

Similarly, for actual dimensions: 

=(So)(/0‘)(7j^Z) ^ (ZZ?.,i>00)(io^) /I in 
(£i)u (zbs'o)(3y/) -- (/o/o)(io^) ///W^ 

i^l)ef-(El)s ^(£l)i -(222,Uot^on)Oo^) lEn'^ 
^ (zZ3^Lw)(/o^) 

Pro*'- these calculations v.e see that (El)^^ and ( SI ) g 
differ t,-"- cbout .5^. For all practical purposes the In- 
sul'^tion does not contribute rigidity but calculations 
based on both flexural rigidities are included for com- 
p^rison purposes. 

3TRA^ EEERGY 

In the testinr technicue used in this investigation, 
energy in the fcrin of strain energy is stored in the beam 
and dissipated in the form of free vibrations. From ele- 
mentary strength of materials v;e hnov; that the strain 
energy, U, can be found as follows: 
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v;here Q is the weip'ht suspended from the center of the 
beam for excltinm vibrations and y is the deflection at 
the center of the beam. 

For the beam in this investigation 

where ^ is tlie -".vera^-e lenrth of the span betv/een support- 
inp noints. Using Q = 100 lb, ^ = 114 in, and 
SI = (21 5.9) ( 10°) lb in^, v/e can determine that 

v/hich is the total amount of energy stored in the beam 
prior to initiation of free vibrations. 

STATIC STRiili: 

From elementary strength of mo.terials, the strain to 
be exnected at the strain rage location from a 100 lb load 
susnended at the center of tlie pipe can be calculated as 
shcv.’n belov,-. 



e 



^ Q^(i 

Oi Z\z 

=. ^o)i’sZ)(z.Z5) 
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III 

EXPERII.iPTAL -IPPARATUS ARD PRCCZDURE 
Easi c A p-paratus 

The basic experi’nental apparatus consisted of a l6'8" 
lenrth of four inch standard carbon steel pipe (Schedule 40, 
A3Ti" A-53, Grade E) . The ends uere closed v/ith four inch 
st'^nd'^rd ASA carbon steel butt Vvelding caps. One cap v;as 
fitted v;ith tv/o one-half inch tapped holes for fillinp and 
draining the pipe. 

The pipe v/as suspended at the nodal points for a 
free-free bean conf iguration with tv/o rin;^ type pipe 
hangers. A strip of inild steel l/l6" thich v/as placed inside 
the pi’-^e hanaers to insure contact around the circumference 
of the pipe at the suspens‘..on i^oints. This strip v/as used 
bec'>use preliminary tests shov/ed that without contact .com- 
pletely .around the circumference an excessive and irregular 
ener'^y loss resulted. 

A th.ird ring type pipe hanger v/as inverted and attached 
at the ce’iter of the span of pipe. To this hanger v/as 
attached a rod and a v/eldless eye nvit to provide a means 
of suspending the load. 

Insulation 

The insulation used was Johns-Kanville Thermobestos 
Insulation (2^." thich). It v/as applied to the full effec- 
tive length (17'0") of the pipe. The voids around the 
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v;ere filled v/ith Johns-' anvil le frhZO insulr'tinf 

cenont. 

In order to render the results more ireaninfful indus- 
trl^'lly it v/as considered desimtle to rei.iove .any incon- 
'^i^tencie'^ tha t m:', -’^t '^ rise from f '.ulty or amateur applic.a- 
t^on of f'e insulation. Accordinrly, actnal a.'^plic' tion 

of f's insulation v;-"s performed ty s:i experienced person 
usinr technicues commonly employed in the Kavy. 

The insul.ation v/as cut and tri'med for a pood fit and 
stranpod into place v/ith standard insulation strapping. 

The overlanpinr cheese cloth covering v;as then smoothed 
do\:n '’.nd secured v.'ith v/heat paste. 

Instrument.ation 

Resi ta.nce type strain gapes v/ere used to sense the 
vibr.- tions . Four Eoldv.'in SR-4 type A-5 strain gages v;ere 
mounted ne.ar the center of tlio- span of pipe as shovm in 
Fi<"ure 2. 




For vibrs.tion measurements, pages a.nd ^2 v;ere 
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used '"s a e brl ~c. Le-’acs fror t.. se f r .■ es -;ere 

ccrnected. to r Strain Ana lyaer ncdel ZL-310 (Brush Devel- 
o'D’T.ent Co. ) . The output v;as recorded on a comps.nion 
Brush direct-1 nkinr osclllo^-raph. 

For static strain measurements a four-gare bridge 
composed of all i'our gages was used. Measurements v;ere 
ta.hen Vv'ith a Ealdwln-Llma-Hamllton Type M Strain Indicator 
Sxnerl mental Procedure 

Prior tc each test the Brush Strain Analyaer X'as 
warmed up and balanced In accordance v;ith the manufac- 
turer's Instrxictlons . No attempt v;as made to calibrate 
the Brush eoulonent for 'Accurate strain measurements. In- 
stead, maximum, gain was used In order to obtain maximum 
Initial amplitude of vibration. The beam v/as then loa.ded 
with a 100 lb v/elght. A short length of 6 rr.lld steel 
wire was used to hang the weight on the loading ring. 

After starting the oscillograph at the desired paper speed 
the v/elght was released by melting the v/lre with a propane 
torch. For each set of test conditions four runs were 
msde usin''' a paper sneed of 25 mm/sec (Ru'ns y1,2,3,'^0 and 
three runs were made using a paper speed of 125 m.m/sec 
(Runs #5,6,7). 
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FIGURE 4 
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FIGURE 
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PIGURE 





APPx^IiDIX IV 



REDUCTICi: OF E:OPExRH'.j.;:TAL DATii 
S^.ta 

T^ble IV is - t;' cn of the experimental dP.ta. 

Exncr l’^^n t"*,! Frequencies 

The o^rserved fundam.er.t'".! frecue'ccy of vibration was 
detcr'~ined b’'” counting the number of cycles in a random 
one second period after st least one second had elapsed 
on each of the three runs. The frequencies thus obtained 
'’.ctually v-^ried less than \% and the frequency listed in 
t’-i<" talle of experimental results is the average of the 
three freouencies. 

Lo p'^rithmic Decrement 

As ’^er.t:‘oned earlier, a total of seven runs ’./as made 
for eac’' set of test conditions. On each run, a zero time 
for '■-'"^^litudc measure’:ents v.'as selected arbitrarily a.fter 
"t least one second of vibr^.tion ha.d elapsed (for reasons 
nreviously mentioned). At this point a. short portion of 
the envelope of' the vibra.tion decay curve was determined 
by drawina the best straight line through tv;o or three 
pea':s on each side of zero time. The measured zero am- 
nlitude, Aq , v;as the distance betv/een the envelope lines 
on the zero time line. Three more amplitudes (A^^, Ap-^, 

*^.nd were measured in the sam.e manner at an elc.psed 

tim.e of n, 2n, and 3n cycles, respectively, from zero time. 
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t* :no.. t.i t ' --lot of In A vs n is >'■ str"-ipnt 

lir.'. . T’le best value cf lofurithmic decrement is the 
sic ■'e cf the best strcirht line on the semi-lo,'" plot. 

For each run siich a semi-loc plot v/as made and the loar- 
rit’'mic decrement v;as deteri'dned as indiceted above usinr 
the slope of the best straight line. The avera£e of all 
sever, values for e'’ ch test condition is the value reported 
in the results. 
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T.\hLS IV 









Hun 


f 


A(. 






l.._ 


n 


^ . 




cps 










cycles 


0 




hundredtl s 


Of an inch 










TE3T 


CGl.DITIOH A 






1 




70.5 


55 


45 


35.5 


50 


.0045 


2 


— 


69 


56 


45 


35 


50 


.0043 


3 


— 


6H 


51.5 


43.5 


32.5 


50 


.0043 


4 


— 


65.5 


52 


43 


32 


50 


.0043 


5 


25.2 


85.5 


73 


68 


62.5 


20 


.0044 


6 


25.2 


83.5 


72.5 


67.5 


62.5 


20 


.0040 


7 


25.2 


78 


68 


64.5 


60.5 


20 


.0040 








TEST 


COi.'DITIOK B 






1 


-- 


75 


62 


50 


38 


50 


.0041 


2 




69 


57 


43 


33 


50 


.0046 


3 


— 


63 


53 


38 


31 .5 


50 


.0045 


4 


— 


65.5 


cc 


41 .5 


33 


50 


.0046 


5 


20.8 


84 


74 


58 


62.5 


20 


.0050 


6 


20.8 


82 


72 


63 


58 . 5 


20 


.0055 


7 


20.7 


82.5 


73.5 


67 


61 


20 


.0051 








TEST 


GOi'DITIOi: C 






1 




52 


1 . 5 


30 


21 


50 


.0073 


2 


— 


5l .5 


43 


34 


22.5 


50 


.0067 


3 


— 


66 . 5 


47.5 


36 


25 


50 


.0065 


4 





63 


46 


36 


24.5 


50 


.0063 


5 


21 .0 


73.5 


66 


54.5 


49 . 5 


25 


.0066 


6 


20.'= 


SO 


66 


5^.5 


48.5 


25 


.0075 


7 


20.9 


79 


66 


rr 


48 


' 25 


.0070 








TEST 


COED ITT ON D 






1 


__ 


61 


45 


36.5 


27 


50 


.0054 


r>> 

£l 





64.5 


46 


36 


27.5 


50 


.0058 


3 


— 


65.5 


47 


37.5 


28.5 


50 


.0056 


4 


— 


66 


48 


38.5 


29.5 


50 


.0054 


5 


18.2 


68.5 


56 


47 


40.5 


25 


.0073 


6 


18.2 


59 


50 


42 


37 


25 


.0066 


7 


18.2 


60.5 


50 


42.5 


37.5 


25 


.0071 
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